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We claim: 

1. A diagnostic kit comprising at least one isolated and purified polypeptide^ 
comprising a WNV envelope (E) protein or an immunogenic fragment thereof having an 
native conformation or non-denatured structure whereby the E glycoprotein or the 

immunogenic fragment thereof is reactive with antibodies against WNV and cross-reactive 

> 

with antibodies against a flavivirus. 

2. The kit according to claim 1, wherein said E glycoprotein or fragment is from 
WNV isolate 2741. 

3. The kit according to claim 1 , wherein the amino acid sequence of the WNV E 
glycoprotein or immunogenic fragment thereof is the amino acid sequence encoded by SEQ 
ID NO.5. 

4. The kit according to any one of claims 1-3, wherein said E glycoprotein or 
fragment thereof is part of a fusion protein. 

5. The kit according to claim 4, wherein the fusion protein comprises a maltose 
binding protein or thioredoxin and said E glycoprotein. 

6. The kit according to claim 1, wherein said flavivirus is DENV. 

7. The kit according to claim 1, wherein said flavivirus is JEV. 

8. The kit according to claim 1, wherein said flavivirus is SLEV. 



122 

00155269.DOC 



454311-2232.1 
PATENT 



9. A method for detecting a WNV infection in a subject suspected of having said 
infection comprising the steps of (a) contacting a biological sample from the subject with an 
isolated and substantially purified polypeptide comprising a WNV envelope (E) protein or an 
immunogenic fragment thereof having a native conformation or non-denatured structure 
whereby the E glycoprotein or the immunogenic fragment thereof is reactive with antibodies 
against WNV, and (b) detecting antibodies against WNV that have reacted with the WNV E 
protein, wherein detection of the antibodies indicates a WNV infection. 

10. A method for detecting a flavivirus infection comprising the steps of (a) 
contacting a sample from a subject suspected of having said infection with an isolated and 
substantially purified polypeptide comprising a WNV envelope (E) protein or an 
immunogenic fragment thereof having a native conformation or non-denatured structure 
whereby the E glycoprotein or the immunogenic fragment thereof is cross-reactive with 
antibodies against a flavivirus, and (b) detecting antibodies that have reacted with the WNV E 
protein, wherein detection of antibodies indicates a flavivirus infection. 

11. A method for detecting a protective immune response in a subject comprising 
the step of contacting a biological sample from said subject with an isolated and substantially 
purified polypeptide comprising a WNV envelope (E) protein or an immunogenic fragment 
thereof whereby the E glycoprotein or the immunogenic fragment thereof having a native 
conformation or non-denatured structure is reactive with protective antibodies against WNV 
and cross-reactive with protective antibodies against a flavivirus. 

12. The methods according to claims 9-11, wherein said E glycoprotein or 
fragment thereof is comprised of SEQ ID NO.6. 

13. The methods according to claims 9-11, wherein the amino acid sequence of the 
WNV E glycoprotein or fragment thereof is encoded by SEQ ID NO.5. 
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14. The method according to any one of claims 9-11, wherein said E glycoprotein 
or fragment thereof is part of a fusion protein. 

15. The method according to claim 14, wherein the fusion protein comprises a 
maltose binding protein or thioredoxin and said E glycoprotein or fragment thereof. 

16. The methods according to claims 9-11, wherein said flavivirus is DENV. 

17. The methods according to claims 9-11, wherein said flavivirus is JEV. 

18. The methods according to claims 9-11, wherein said flavivirus is SLEV. 

19. A method for detecting a first antibody to a flavivirus from a biological 
specimen of a subject suspected of being infected by said flavivirus comprising the steps of: 

(a) contacting the biological specimen with a substantially pure WNV envelope 
(E) protein or an immunogenic fragment thereof having a native conformation and non- 
denatured structure under conditions to form a complex between the E glycoprotein and the 
first antibody, if present, that recognizes and binds the E glycoprotein, 

(b) detecting the first antibody of said complex, 

wherein the E glycoprotein is reactive to an antibody against a WNV and cross-reactive to an 
antibody against a flavivirus other than a WNV. 

20. The method according to claim 19, wherein said E glycoprotein is coupled to a 
microsphere. 

21. The method according to claim 19, wherein step (b) comprises the steps of: 
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(bi) contacting said complex between said E glycoprotein and said first antibody 
with a second antibody reactive against said first antibody, 

(bii) detecting the second antibody, 
wherein detecting the second antibody infers detecting the first antibody. 

22. The method according to claim 21, wherein the second antibody includes a 
fluorescent marker. 

23. The method according to claim 21, wherein the step of detecting the second 
antibody further comprises the step of immunofluorescence detection. 

24. The method according to claim 21, wherein the second antibody is coupled to 
an enzyme which can be assayed. 

25. The method according to claim 24, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

24. The method according to claim 19, wherein said flavi virus is JEV. 

25. The method according to claim 19, wherein said flavivirus is DENV. 

26. The method according to claim 19, wherein said flavivirus is SLEV. 

27. The method according to claim 19, wherein said flavivirus is WNV. 

28. The method according to claim 19, wherein the biological specimen is selected 
from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 
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29. The method according to claim 28, wherein the biological specimen is from a 

human. 

30. A method according to claim 19, wherein the E glycoprotein is a fusion 

protein. 

31. A method according to claim 30, wherein said fusion protein comprises a 
maltose binding protein or thioredoxin and WNV E glycoprotein or subfragment thereof. 

32. A method for detecting a recent or ongoing flavivirus infection using a 
microsphere immunoassay to detect an IgM antibody against a flavivirus in a biological 
specimen comprising the steps of: 

(a) contacting the biological specimen with anti-IgG antibodies to form IgG 
immune complexes, 

(b) removing said complexes to form a biological specimen comprising IgM 
antibodies but lacking IgG antibodies, 

(c) contacting the biological specimen with a microsphere coupled to a substantially pure 
WNV E glycoprotein having a native conformation or non-denatured structure to form a 
microsphere mixture under conditions sufficient to form a binding complex between the E 
glycoprotein and a IgM antibody whereby the E glycoprotein is reactive to antibodies against 
WNV and cross-reactive to antibodies against a flavivirus, 

(d) contacting the microsphere mixture with a detection reagent capable of 
detecting a IgM antibody, 

(e) detecting the detection reagent, 

whereby detection of the detection reagent indicates a recent or ongoing flavivirus infection. 
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33. A method for detecting a protective immune response to a flavivirus using a 
microsphere immunoassay to detect an IgG antibody against a flavivirus in a biological 
specimen comprising the steps of: 

(a) contacting the biological specimen with anti-IgM antibodies to form IgM 
immune complexes, 

(b) removing said complexes to form a biological specimen comprising IgG 
antibodies but lacking IgM antibodies, 

(c) contacting the biological specimen with a microsphere coupled to a 
substantially pure WNV E glycoprotein having a native conformation or non-denatured 
structure to form a microsphere mixture under conditions sufficient to form a binding 
complex between the E glycoprotein and a IgG antibody whereby the E glycoprotein is 
reactive to antibodies against WNV and cross-reactive to antibodies against a flavivirus, 

(d) contacting the microsphere mixture with a detection reagent capable of 
detecting a IgG antibody, 

(e) detecting the detection reagent, 

whereby detection of the detection reagent indicates a protective immune response to a 
flavivirus. 

35. The methods according to claims 32 and 33, wherein said flavivirus is selected 
from the group consisting of WNV, JEV, SLEV, and DENV. 

36. The methods according to claims 32 and 33, wherein said biological specimen 
is selected from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, 
semen, mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 

37. The method according to claim 32, wherein the detection reagent comprises an 
anti-IgM antibody coupled to a fluorescent tag. 
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38. The method according to claim 33, wherein the detection reagent comprises an 
anti-IgG antibody coupled to a fluorescent tag. 

39. The method according to claim 32, wherein the detection reagent comprises an 
anti-IgM antibody coupled to an enzyme. 

40. The method according to claim 33, wherein the detection reagent comprises an 
anti-IgG antibody coupled to an enzyme. 

41. The methods according to claims 39 and 40, wherein the enzyme is selected 
from the group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and 
phosphatase. 

42. The methods according to claims 37 and 38, wherein step (e) comprises the 
step of immunofluorescence detection of said fluorescent tag of said antibody of said 
detection reagent. 

43. The methods according to claims 32 and 33, wherein the step of removing said 
complexes comprises the step of centrifugation. 

44. A method for rapidly detecting an antibody against a flavivirus antigen 
comprising the steps of: 

(a) contacting a biological sample with a microsphere suspension, each 
microsphere coupled to a substantially pure WNV E glycoprotein having a native 
conformation or non-denatured structure whereby each E glycoprotein is reactive to antibodies 
against WNV and cross-reactive to antibodies against a flavivirus, 
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(b) incubating the microsphere suspension under conditions sufficient to increase 
reaction kinetics to promote the binding of an anti-WNV or anti-flavivirus antibody to the E 
glycoproteins, 

(c) contacting the microsphere suspension with a detection reagent capable of 
detecting an antibody against a WNV or a flavivirus, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates an antibody against a WNV or a flavivirus 
in the biological sample. 

45. The method according to claim 44, wherein the biological sample is selected 
from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 

46. The method according to claim 45, wherein the biological sample is 10-20 
microliters. 

47. The method according to claim 44, wherein the conditions sufficient to 
increase the reaction kinetics according to step (b) comprises an incubation temperature of 
37°C, and incubation time of about 30 minutes, and motion. 

48. The method according to claim 44, wherein the detection reagent comprises a 
polyvalent antibody coupled to a fluorescent tag, the polyvalent antibody comprising at least 
anti-IgG and anti-IgM antibodies. 

49. The method according to claim 44, wherein the detection reagent comprises a 
polyvalent antibody coupled to an enzyme, the polyvalent antibody comprising at least anti- 
IgG and anti-IgM antibodies. 
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50. The method according to claim 49, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

51. The method according to claims 48, wherein step (d) comprises the step of 
immunofluorescence detection of said fluorescent tag of said antibody of said detection 
reagent. 

52. The methods according to claim 44, wherein said flavivirus is selected from the 
group consisting of WNV, JEV, SLEV, and DENV. 

53. A method for the detection of a flavivirus infection in a biological specimen 
comprising the steps of: 

(a) obtaining a suspension of microspheres each coupled to a substantially pure 
WNV E glycoprotein having a native conformation or non-denatured structure wherein the 
WNV E glycoprotein is reactive with antibodies against WNV and cross-reactive with 
antibodies against a flavivirus; 

(b) performing a microsphere immunoassay; 

(c) obtaining a result indicating either the presence or absence of an antibody 
against the flavivirus, 

wherein the presence of an antibody against the flavivirus indicates a flavivirus infection. 

54. The method according to claim 53, wherein the microsphere immunoassay is a 
Luminex-based test. 

55. The method according to claim 54, wherein the microsphere immunoassay is a 
lateral flow test. 
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56. The method according to claim 55, wherein the microsphere immunoassay is 
an agglutination test. 

57. The method according to claim 53, wherein the microsphere immunoassay is a 
lateral flow immunoassay 

58. The method according to claim 53, wherein the microsphere immunoassay is 
automated. 

59. The method according to claim 53, wherein the flavivirus is selected from the 
group consisting of WNV, JEV, SLEV, and DENV. 

60. A method for the transfer of information obtained as a result of carrying out the 
methods of any of claims l s % 10, 11, 19, 32, 33, 44,' or 53. 

61 . A diagnostic kit comprising isolated and purified WNV E glycoprotein or an 
immunogenic fragment thereof, wherein, the WNV E glycoprotein is reactive with antibodies 
against WNV, as well as with antibodies against at least one flavivirus that is other than 
WNV, and the WNV E glycoprotein has its native conformation or is non-denatured, and the 
immunogenic fragment contains at least an epitope of native WNV E in native conformation 
or that is non-denatured, whereby the immunogenic fragment is reactive with antibodies 
against WNV, as well as with antibodies against at least one other flavivirus. 

62. A diagnostic kit comprising an isolated or purified WNV E glycoprotein or 
immunogenic fragment thereof, wherein, the WNV E glycoprotein is reactive with antibodies 
against WNV, as well as with antibodies against at least two other flaviviruses that are other 
than WNV, and the WNV E glycoprotein has its native conformation or is non-denatured, and 
the immunogenic fragment contains at least an epitope of native WNV E in native 
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conformation or that is non-denatured, whereby the immunogenic fragment is reactive with 
antibodies against WNV, as well as with antibodies against at least two other flavivirus. 

63. A diagnostic kit comprising isolated and purified WNV E glycoprotein or an 
immunogenic fragment thereof, wherein, the WNV E glycoprotein is reactive with antibodies 
against WNV, as well as with antibodies against at least three other flaviviruses that are other 
than WNV, and the WNV E glycoprotein has its native conformation or is non-denatured, and 
the immunogenic fragment contains at least an epitope of native WNV E in native 
conformation or that is non-denatured, whereby the immunogenic fragment is reactive with 
antibodies against WNV, as well as with antibodies against at least three other flavivirus. 

64. The diagnostic kit according to claim 61, wherein the at least one other 
flavivirus is selected from the group consisting of JEV, SLEV, and DENV. 

65. The diagnostic kit according to claim 62, wherein the at least two other 
flaviviruses are selected from the group consisting of JEV, SLEV, and DENV. 

66. The diagnostic kit according to claim 63, wherein the at least three other 
flaviviruses are selected from the group consisting of JEV, SLEV, and DENV. 

67. The kit according to claims 61-63, wherein the WNV E glycoprotein or 
fragment thereof is so purified that a diagnostic assay employing the WNV E glycoprotein or 
fragment thereof can detect flavivirus within about 3 hours. 

68. The kit according to claims 61-63, wherein the WNV E glycoprotein or 
fragment thereof is so purified that a diagnostic assay employing the WNV E glycoprotein or 
fragment thereof can detect flavivirus within about 10 minutes. 
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69. A diagnostic kit comprising at least one isolated and purified polypeptide 
comprising a WNV NS5 protein or an immunogenic fragment thereof having an native 
conformation or non-denatured structure whereby the NS5 protein or the immunogenic 
fragment thereof is specifically reactive with antibodies against WNV but not detectably 
cross-reactive with antibodies against a flavivirus other than WNV. 

70. The kit according to claim 69, wherein said NS5 protein or fragment thereof is 
from WNV isolate 2741. 

71. The kit according to claim 69, wherein the amino acid sequence of the WNV 
NS5 protein or fragment thereof is the amino acid sequence encoded by the NS5. 

72. The kit according to any one of claims 69-71, wherein said NS5 protein or 
fragment thereof is part of a fusion protein. 

73. The kit according to claim 72, wherein the fusion protein comprises a maltose 
binding protein or thioredoxin and said NS5 protein. 

74. A method for detecting a WNV infection in a subject suspected of having said 
infection comprising the steps of (a) contacting a biological sample from the subject with an 
isolated and substantially purified polypeptide comprising a WNV NS5 protein or an 
immunogenic fragment thereof having a native conformation or non-denatured structure 
whereby the NS5 protein or the immunogenic fragment thereof is specifically reactive with 
anti-WNV antibodies but not detectably cross-reactive with antibodies against a flavivirus 
other than WNV, and (b) detecting anti-WNV antibodies that have reacted with the WNV 
NS5 protein, wherein detection of the anti-WNV antibodies indicates a WNV infection. 
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* 75. A method for detecting a protective immune response in a subject comprising 
the step of contacting a biological sample from said subject with an isolated and substantially 
purified polypeptide comprising a WNV NS5 protein or an immunogenic fragment thereof 
whereby the E glycoprotein or the immunogenic fragment thereof having a native 
conformation or non-denatured structure is specifically reactive with protective antibodies 
against WNV with no detectable cross-reactivity with protective antibodies against a 
flavivirus other than WNV. 

76. The methods according to claims 74-75, wherein said NS5 protein or fragment 
thereof is from WNV isolate 2741. 

77. The methods according to claims 74-75, wherein the amino acid sequence of 
the WNV NS5 protein or fragment thereof is the amino acid sequence encoded by the NS5 
protein encoding DNA sequence of Genbank accession No. AF 404756, or a fragment thereof. 

78. The method according to any one of claims 74-75, wherein said NS5 protein or 
fragment thereof is part of a fusion protein. 

79. The method according to claim 78, wherein the fusion protein comprises a 
maltose binding protein or thioredoxin and said NS5 protein or fragment thereof. 

80. A method for detecting a first antibody to a WNV from a biological specimen 
of a subject suspected of being infected by said WNV comprising the steps of: 

(a) contacting the biological specimen with a substantially pure WNV NS5 protein 
or an immunogenic fragment thereof having a native conformation and non-denatured 
structure under conditions to form a complex between the NS5 protein and the first antibody, 
if present, that recognizes and binds the NS5 protein, 

(b) detecting the first antibody of said complex, 
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wherein the NS5 protein is not detectably cross-reactive to an antibody against a flavivirus 
other than a WNV. 

81. The method according to claim 80, wherein said NS5 protein is coupled to a 
microsphere, adsorbed to nitrocellulose paper, or dried to nitrocellulose paper. 

82. The method according to claim 80, wherein step (b) comprises the steps of: 
(bi) contacting said complex between said NS5 protein and said first antibody with 

a second antibody reactive against said first antibody, 

(bjO detecting the second antibody, 
wherein detecting the second antibody infers detecting the first antibody. 

83. The method according to claim 82, wherein the second antibody includes a 
fluorescent marker or the second antibody is bound to colloidal gold or polystyrene 
microspheres.. 

84. The method according to claim 82, wherein the step of detecting the second 
antibody further comprises the step of immunofluorescence detection. 

85. The method according to claim 82, wherein the second antibody is coupled to 
an enzyme which can be assayed. 

86. The method according to claim 85, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

87. The method according to claim 80, wherein the biological specimen is selected 
from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 
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88. The method according to claim 87, wherein the biological specimen is from a 
human. 

89. A method according to claim 80, wherein the NS5 protein is a fusion protein. 

90. A method according to claim 89, wherein said fusion protein comprises a 
maltose binding protein or thioredoxin and WNV NS5 or subfragment thereof. 

91. A method for rapidly detecting an anti-WNV antibody comprising the steps of: 

(a) contacting a biological sample with a microsphere suspension, each 
microsphere coupled to a substantially pure WNV NS5 protein having a native conformation 
or non-denatured structure whereby each NS5 protein is specifically reactive to antibodies 
against WNV but not detectably cross-reactive with antibodies against a flavivirus other than 
WNV, 

(b) incubating the microsphere suspension under conditions sufficient to increase 
reaction kinetics to promote the binding of an anti-WNV antibody to the NS5 proteins, 

(c) contacting the microsphere suspension with a detection reagent capable of 
detecting an anti-WNV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence an anti-WNV in the 
biological sample. 

92. The method according to claim 91, wherein the biological sample is selected 
from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 
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93. The method according to claim 92, wherein the biological sample is 10-20 
microliters. 

94. The method according to claim 91, wherein the conditions sufficient to 
increase the reaction kinetics according to step (b) comprises an incubation temperature of 
37°C, and incubation time of about 30 minutes, and motion. 

95. The method according to claim 91, wherein the detection reagent comprises a 
polyvalent antibody coupled to a fluorescent tag. 

96. The method according to claim 91, wherein the detection reagent comprises a 
polyvalent antibody coupled to an enzyme. 

97. The method according to claim 96, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

98. The method according to claims 95, wherein step (d) comprises the step of 
immunofluorescence detection of said fluorescent tag of said polyvalent antibody of said 
detection reagent. 

99. A method for the detection of a WNV infection in a biological specimen 
comprising the steps of: 

(a) obtaining a suspension of microspheres each coupled to a substantially pure 
WNV NS5 protein having a native conformation or non-denatured structure wherein the 
WNV NS5 protein is specifically reactive with anti-WNV antibodies but not detectably cross- 
reactive with antibodies against a flavivirus; 

(b) performing a microsphere immunoassay; 
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(c) obtaining a result indicating either the presence or absence of an anti-WNV 
antibody, 

wherein the presence of an anti-WNV antibody indicates a WNV infection. 

100. The method according to claim 99, wherein the microsphere immunoassay is a 
Luminex-based test. 

101 . The method according to claim 99, wherein the microsphere immunoassay is a 
lateral flow test. 

102. The method according to claim 99, wherein the microsphere immunoassay is 
an agglutination test. 



103. The method according to claim 99, wherein the microsphere immunoassay is a 
strip test. 

104. The method according to claim 99, wherein the microsphere immunoassay is 
automated. 



105. A method for the transfer of information obtained as a result of carrying out the 
methods of any of claims 74, 75, 80, 91, or 99. 

106. A method for discriminating between whether (1) a host has an ongoing WNV 
infection or (2) a host has been vaccinated with a killed-flavivirus vaccine wherein the host in * 
the case of (1) has both anti-E glycoprotein antibodies and anti-NS5 antibodies but in the case 
of (2) has anti-E glycoprotein but not anti-NS5 antibodies comprising the steps of: 

(a) . carrying out a first reaction comprising the steps of (i) contacting a biological 
sample from the host with a first detection reagent for the detection of anti-E glycoprotein 
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antibodies, (ii) detecting said first detection reagent to provide either a positive or negative 
signal wherein a positive signal indicates the presence of anti-E glycoprotein antibodies and a 
negative signal indicates the absence of anti-E glycoprotein antibodies; 

(b) carrying out a second reaction comprising the steps of (i) contacting a 
biological sample from the host with a second detection reagent for the detection of anti-NS5 
antibodies, (ii) detecting said second detection reagent to provide either a positive or negative 
signal wherein a positive signal indicates the presence of anti-NS5 antibodies and a negative 
signal indicates the absence of anti-NS5 antibodies; 

(c) comparing the results of the first and second reactions wherein the following 
imay be true: (i) a positive signal for anti-E glycoprotein antibody and a positive signal for 
anti-NS5 antibody indicates that the host has an ongoing WNV infection and (ii) a positive 
signal for anti-E glycoprotein antibody and a negative signal for anti-NS5 antibody indicates 
that the host does not have an ongoing WNV infection but may have been vaccinated with a 
killed-flavivirus vaccine. 



107. A method for detecting a recent or ongoing WNV infection in a host 
comprising the steps of: 

(a) carrying out a first reaction comprising the steps of (i) contacting a biological 
sample from the host with a first detection reagent for the detection of anti-E glycoprotein 
antibodies, (ii) detecting said first detection reagent to provide either a positive or negative 
signal wherein a positive signal indicates the presence of anti-E glycoprotein antibodies and a 
negative signal indicates the absence of anti-E glycoprotein antibodies; 

(b) carrying out a second reaction comprising the steps of (i) contacting a 
biological sample from the host with a second detection reagent for the detection of anti-NS5 
antibodies, (ii) detecting said second detection reagent to provide either a positive or negative 
signal wherein a positive signal indicates the presence of anti-NS5 antibodies and a negative 
signal indicates the absence of anti-NS5 antibodies; 
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(c) comparing the results of the first and second reactions wherein the following 
may be true: (i) a positive signal for anti-E glycoprotein antibody and a positive signal for 
anti-NS5 antibody indicates that the host has a recent or ongoing WNV infection and (ii) a 
positive signal for anti-E glycoprotein antibody but a negative signal for anti-NS5 antibody 
indicates that the host does not have an recent or ongoing WNV infection. 

108. The method according to claims 106-107 wherein the first detection reagent 
comprises a WNV E glycoprotein or fragment thereof from WNV isolate 2741 and wherein 
the amino acid sequence of SEQ ID NO.6. 

109. The method according to claim 108, wherein the step of (a)(i) detecting said 
first detection reagent further comprises contacting with at least one antibody against the 
WNV E glycoprotein. 

1 10. The method according to claim 109, wherein the at least one antibody against 
the WNV E glycoprotein further comprises a detectable signal. 

111. The method according to claim 1 10, wherein the detectable signal is selected 
from the group consisting of a fluorescent label, an enzyme, and radioactive marker, or color 
from a colloidal gold or a colored polystyrene microsphere. 

1 12. The method according to claim 111, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

1 13. The method according to claims 106-107, wherein the biological sample is 
selected from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, 
semen, mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 
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1 14. The method according to claims 106-107, wherein the host is a human. 

1 15. The method according to claims 106-107, wherein the host is a horse. 

1 16. The method according to claim 109, wherein the fusion protein comprises a 
maltose binding protein or thioredoxin and said WNV E glycoprotein or fragment thereof. 

1 17. The method according to claims 106-107 wherein the second detection reagent 
comprises a WNV NS5 protein or fragment thereof from WNV isolate 2741 and wherein the 
amino acid sequence of the WNV NS5 protein or fragment thereof is the amino acid sequence 
ofSEQIDNO.6. 

118. The method according to claim 106-107, wherein the step of (a)(i) detecting 
said second detection reagent further comprises contacting with at least one antibody against 
the WNV NS5 protein. 

1 19. The method according to claim 1 18, wherein the at least one antibody against 
the WNV NS5 protein further comprises a detectable signal. 

120. The method according to claim 1 19, wherein the detectable signal is selected 
from the group consisting of a fluorescent label, an enzyme, and a radioactive marker. 

121. The method according to claim 111, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

122. The method according to claims 106-107 wherein the first detection reagent 
comprises a WNV E glycoprotein or fragment thereof from WNV isolate 2741 and wherein 
the amino acid sequence of the WNV E glycoprotein or fragment thereof is the amino acid 



141 



00155269.DOC 



454311-2232.1 
PATENT 



sequence encoded by the E glycoprotein encoding DNA sequence of Genbank accession No. 
AF 404756 or a fragment thereof. 

123. The kit according to claim 1, wherein the amino acid sequence of the WNV E 
glycoprotein or fragment thereof is the amino acid sequence encoded by SEQ ID NO. 5. 

124. A diagnostic kit comprising at least one isolated and purified polypeptide 
comprising a WNV envelope (E) protein or an immunogenic fragment thereof having an 
native conformation or non-denatured structure whereby the E glycoprotein or the 
immunogenic fragment thereof is reactive with antibodies against WNV and cross-reactive 
with antibodies against a flavivirus, 

wherein, the diagnostic kit is an ELISA. 



125. A method for detecting a recent or ongoing flavivirus infection using an 
immunoassay to detect an IgM antibody against a flavivirus in a biological specimen 
comprising the steps of: 

(a) contacting the biological specimen with anti-IgG antibodies to form IgG 
immune complexes, 

(b) removing said complexes to form a biological specimen comprising IgM 
antibodies but lacking IgG antibodies, 

(c) contacting the biological specimen with a microsphere coupled to a 
substantially pure WNV E glycoprotein having a native conformation or non-denatured 
structure to form a microsphere mixture under conditions sufficient to form a binding 
complex between the E glycoprotein and a IgM antibody whereby the E glycoprotein is 
reactive to antibodies against WNV and cross-reactive to antibodies against a flavivirus, 

(d) contacting the microsphere mixture with a detection reagent capable of 
detecting a IgM antibody, 

(e) detecting the detection reagent, 
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whereby detection of the detection reagent indicates a recent or ongoing flavivirus infection, 
wherein, the immunoassay is an ELISA. 

126. A method for rapidly detecting an anti-WNV antibody in an animal by using an 



(a) contacting a biological sample comprising at least one anti-WNV antibody 
with a reaction well surface, each reaction well surface coupled to a substantially pure WNV 
NS5 protein having a native conformation or non-denatured structure whereby each NS5 
protein is specifically reactive to antibodies against WNV but not detectably cross-reactive 
with antibodies against a flavivirus other than WNV, 

(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of the at least one anti-WNV antibody to the NS5 
protein, 

(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-WNV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence of the at least one anti-WNV 
in the biological sample. 

127. A method for rapidly detecting a recent WNV infection in an animal by using 



(a) contacting a biological sample comprising at least one anti-WNV antibody 
with a reaction well surface, each reaction well surface coupled to a substantially pure WNV 
NS5 protein having a native conformation or non-denatured structure whereby each NS5 
protein is specifically reactive to antibodies against WNV but not detectably cross-reactive 
with antibodies against a flavivirus other than WNV, 



ELISA comprising the steps of: 



an ELISA comprising the steps of: 
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(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of at least one anti-WNV antibody to the NS5 
protein, 

(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-WNV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence of the at least one anti-WNV 
in the biological sample thereby indicating a recent WNV infection. 



128. A method for rapidly determining whether a previously WNV-vaccinated 




animal recently sustained exposure to WNV by using an ELISA comprising the 
steps of: 

(a) contacting a biological sample of a previously WNV-vaccinated animal 
comprising at least one anti-WNV antibody with a reaction well surface, each reaction well 
surface coupled to a substantially pure WNV NS5 protein having a native conformation or 
non-denatured structure whereby each NS5 protein is specifically reactive to antibodies 
against WNV but not detectably cross-reactive with antibodies against a flavivirus other than 
WNV, 

(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of the at least one anti-WNV antibody to the NS5 
protein, 

(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-WNV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates a recently sustained exposure of the 
previously WNV-vaccinated animal to WNV. 

i 
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129. A method for detecting a first antibody to a serospecific DENV from a biological 
specimen of a subject suspected of being infected by said serospecific DENV comprising the 
steps of: 

(a) contacting the biological specimen with a substantially pure serospecific 
DENV NS5 protein or an immunogenic fragment thereof having a native conformation and 
non-denatured structure under conditions to form a complex between the NS5 protein and the 
first antibody, if present, that recognizes and binds the NS5 protein, 

(b) detecting the first antibody of said complex, 

wherein the NS5 protein is not detectably cross-reactive to an antibody against a flavivirus 
other than a DENV and is specific to the serospecific DENV. 

130. The method according to claim 129, wherein said NS5 protein is coupled to a 
microsphere or adsorbed to nitrocellulose paper. 

131. The method according to claim 129, wherein step (b) comprises the steps of: 
(bi) contacting said complex between said NS5 protein and said first antibody with 

a second antibody reactive against said first antibody, 

(biO detecting the second antibody, 
wherein detecting the second antibody infers detecting the first antibody. 

132. The method according to claim 131, wherein the second antibody includes a 
fluorescent marker or the second antibody is bound to colloidal gold or polystyrene 
microspheres. 

133. The method according to claim 131, wherein the step of detecting the second 
antibody further comprises the step of immunofluorescence detection. 
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134. The method according to claim 131, wherein the second antibody is coupled to 
an enzyme which can be assayed. 

135. The method according to claim 134, wherein the enzyme is selected from the 
group consisting of an oxidase, luciferase, peptidase, protease, glycosidase and phosphatase. 

136. The method according to claim 129, wherein the biological specimen is 
selected from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, 
semen, mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 

137. A diagnostic kit comprising at least one isolated and purified polypeptide 
comprising a serospecific DENV NS5 protein or an immunogenic fragment thereof having an 
native conformation or non-denatured structure whereby the NS5 protein or the immunogenic 
fragment thereof is reactive with antibodies to a serospecific DENV and not detectably cross- 
reactive with antibodies against another flavivirus, 

wherein, the diagnostic kit an ELISA. 

138. A method for rapidly detecting an anti-DENV antibody in an animal by using 
an ELISA comprising the steps of: 

(a) contacting a biological sample comprising at least one anti-DENV antibody 
with a reaction well surface, each reaction well surface coupled to a substantially pure DENV 
NS5 protein having a native conformation or non-denatured structure whereby each NS5 
protein is specifically reactive to antibodies against DENV but not detectably cross-reactive 
with antibodies against a flavivirus other than WNV, 

(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of the at least one anti-DENV antibody to the NS5 
protein, 
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(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-DENV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence of the at least one anti- 
DENV in the biological sample. 

139. The method according to claim 138, wherein the animal is selected from the 
group consisting of a monkey and a chimpanzee. 

140. A method for rapidly detecting a recent DENV infection in an animal by using 
an ELISA comprising the steps of: S 

(a) contacting a biological sample comprising at least one anti-DENV antibody 
with a reaction well surface, each reaction well surface coupled to a substantially pure DENV 
NS5 protein having a native conformation or non-denatured structure whereby each NS5 
protein is specifically reactive to antibodies against DENV but not detectably cross-reactive 
with antibodies against a flavivirus other than DENV, 

(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of at least one anti-DENV antibody to the DENV 
protein, 

(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-DENV antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence of the at least one anti- 
DENV in the biological sample thereby indicating a recent DENV infection. 

141. The method according to claim 140, wherein the animal is selected from the 
group consisting of a monkey and a chimpanzee. 
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142. A method for rapidly determining whether a previously DENV-vaccinated 



animal recently sustained exposure to DENV by using an ELISA comprising the steps of: 

(a) contacting a biological sample of a previously DENV-vaccinated animal 
comprising at least one anti-DENV antibody with a reaction well surface, each reaction well 
surface coupled to a substantially pure DENV NS5 protein having a native conformation or 
non-denatured structure whereby each NS5 protein is specifically reactive to antibodies 
against DENV but not detectably cross-reactive with antibodies against a flavivirus other than 



(b) incubating the biological sample under conditions sufficient to increase 
reaction kinetics to promote the binding of the at least one anti-DENV antibody to the NS5 
protein, 

(c) contacting the reaction well surface with a detection reagent capable of 
detecting an anti-DENVantibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates a recently sustained exposure of the 
previously DENV-vaccinated animal to DENV. 

143. The method according to claim 142, wherein the animal is selected from the 
group consisting of a monkey and a chimpanzee. 

144. A method for rapidly detecting a recent or ongoing flavivirus infection in an 
animal susceptible of infection by said flavivirus, comprising the steps of: 



(a) contacting a biological sample comprising flavivirus antibodies of said animal 
with a microsphere suspension, each microsphere coupled to a substantially pure flavivirus 
NS5 protein having a native conformation or non-denatured structure whereby each flavivirus 
NS5 protein is reactive to said flavivirus antibodies but not detectably cross-reactive to 
antibodies against other flaviviruses, 



DENV, 
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(b) incubating the microsphere suspension under conditions sufficient to promote 
the binding of said flavivirus antibodies to the flavivirus NS5 protein, 

(c) contacting the microsphere suspension with a detection reagent capable of 
detecting a flavivirus antibody, 

(d) detecting the detection reagent, 

wherein detection of the detection reagent indicates the presence of said flavivirus antibody in 
said biological sample thereby detecting a recent or ongoing flavivirus infection. 

145. The method of claim 144, wherein the flavivirus NS5 protein is a WNV NS5 
protein and has the amino acid sequence of SEQ ID NO.8. 

146. The method of claim 144, wherein the flavivirus NS5 protein is a DENV NS5 
protein and has the amino acid sequence of SEQ ID NO. 10. 

147. The method of claim 144, wherein the flavivirus NS5 protein is a DENV NS5 
protein and has the amino acid sequence of SEQ ID NO. 12. 

148. The method of claim 144, wherein the biological sample is selected from the 
group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, mucous, 
tissue, tissue homogenate, cellular extract, and spinal fluid. 

149. The method of claim 144, wherein the method for rapidly detecting a recent or 
ongoing flavivirus infection is in the form of an immunochromatographic test. 



150. A method for carrying out an immunochromatographic test for rapidly * 
detecting a flavivirus infection in an animal susceptible to said infection, comprising the steps 




of: 
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(a) providing a membrane strip having a proximal end, a distal end, and a plurality 
of zones each comprising secondary antibodies coupled thereto, 

(b) providing a suspension of microspheres comprising flavivirus antigens coupled 

thereto, 

(c) providing a biological sample from said animal susceptible to said infection, 
comprising anti-flavivirus antibodies, 

(d) contacting the biological sample with the suspension of microspheres to form a 
reaction mixture under conditions sufficient to promote binding of said anti-flavivirus 
antibodies of said biological sample to said flavivirus antigens of the microspheres, 

(e) placing the reaction mixture at the proximal end of the membrane strip, 

(f) incubating the membrane strip under sufficient conditions to promote the 
movement of the reaction mixture towards the distal end, said conditions also sufficient to 
promote the binding of the microparticles to said secondary antibodies coupled to the 
membrane strip vis-a-vis interactions between said secondary antibodies and said anti- 
flavivirus antibodies of said microparticles as the reaction mixture travels towards the distal 
end of the membrane strip, 

(g) washing from the the membrane strip any unbound microparticles, and 

(h) detecting bound microparticles, 

wherein bound microparticles indicates a flavivirus infection in said animal. 

151. The method according to claim 150, wherein the animal is infected with 

DENV. 

152. The method according to claim 150, wherein the animal is infected with WNV. 

153. The method according to claim 150, wherein the animal is infected with JEV. 

1 54. The method according to claim 1 50, wherein the animal is infected with SLEV. 
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155. The method according to claim 1 50, wherein the flavivirus antigen is a 
flavivirus NS5 antigen. 

1 56. The method according to claim 1 50, wherein the flavivirus antigen is a WNV 
NS5 antigen with the amino acid sequence of SEQ ID NO. 8. 

1 57. The method according to claim 1 50, wherein the flavivirus antigen is a DENV 
NS5 antigen with the amino acid sequence of SEQ ID NO. 10. 

158. The method according to claim 150, wherein the flavivirus antigen is a DENV 
NS5 antigen with the amino acid sequence of SEQ ID NO. 12. 

159. The method according to claim 150, wherein the flavivirus antigen is a WNV E 
glycoprotein antigen with the amino acid sequence of SEQ ID NO. 6. 

160. The method according to claim 150, wherein the biological sample is selected 
from the group consisting of bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, and spinal fluid. 

***** 

Having thus described in detail preferred embodiments of the present invention, it is to 
be understood that the invention defined by the appended claims is not to* be limited by 
particular details set forth in the above description as many apparent variations thereof are 
possible without departing from the spirit or scope thereof. 



151 



00155269.DOC 



454311-2232.1 
PATENT 

References 

1. Anderson, J. F., T. G. Andreadis, C. R. Vossbrinck, S. Tirrell, E. M. Waken, R. 

A. 

2. Bellisario, R., R. J. Colinas, and K. A. Pass. 2002. Simultaneous measurement 
of thyroxine(T4) and thyrotropin (TSH) from newborn dried blood-spot specimens using a 
multiplexed fluorescent microsphere immunoassay. Clin. Chem. 46: 1422-24. 

3. Burke, D. S., A. Nisalak, and M. A. Ussery. 1982. Antibody Capture 
Immunoassay Detection of Japanese Encephalitis Virus Immunoglobulin M and G Antibodies 
in Cerebrospinal Fluid. J. Clin. Microbiol. 16:1034-1042. 

4. Burke, D. S. and A. Nisalak. 1982. Detection of Japanese Encephalitis Virus 
Immunoglobulin M Antibodies in Serum by Antibody Capture Radioimmunoassay. J. Clin. 
Microbiol. 16:353-361. 

5. Crowther, John R. 2001. Validation of Diagnostic Tests for Infectious 
Diseases, p30 1-345 In Methods in Molecular Biology Volume 149. The ELISA Guidebook. 
Humana Press, Totowa, NJ. 

6. Davis, B. S., G.-J. J. Chang, B. Cropp, J. T. Roehrig, d. A. Martin, C. J. 
Mitchell, R. Bowen, and M. L. Bunning. 2001. WNV Recombinant DNA Vaccine Protects 
Mouse and Horse from Virus Challenge and Expresses in vitro A Noninfectious Recombinant 
Antigen That Can Be Used in Enzyme-Linked Inununosorbent Assays. J. Virology 
75:4040-4047. 

7. French, A. E. Garmendig, and H. J. Van Kruiningen. 1999. Isolation of WNV 
from mosquitoes, crows, and a Cooper's hawk in Connecticut. Science 2 86:2331 

8. Johnson, A. J., D. A. Martin, N. Karabatsos and J. T. Roehrig. 2000. Detection 
of Anti-Arboviral Immunoblobulin G by Using a Monoclonal Antibody-Based Capture 
Enzyme-Linked Immunosorbent Assay. J. Clin. Microbiol. 38:18271831. 

9. Kellar, K. L., R. R. Kalwar, K. A. Dubous, D. Crouse, W. D. Chafin and B.-E. 
Kane. 2001. Multiplexed Fluorescent Bead-Based Immunoassays for Quantitation of Human 
Cytokines in Serum and Culture Supernatants. Cytometry 45:27-36. 

10. Kittigul, L. and K. Suankeow. Eur. J. Clin. Microbiol. Infect. Dis. 21:224-226 

(2002). 

152 

00155269.DOC 



454311-2232.1 
PATENT 



1 1 . Lanciotti, R. S., J. T. Roehrig, V. Deubel, J. Smith, M. Parker, K. Steele, B. 
Cnse, K.. E. Volpe, M. B. Crabtree. K. H. Scherret, et. al. 1999. Origin of the WNV 
responsible for an outbreak of encephalitis in the northeastern United States 236:2333 

12. L.B. Bangs, Manual for The Latex Course, Bangs Laboratories, Inc., Carmel, 
IN (1996). 

13. Mandy, F. F., T. Nakamura, M. Bergeron, and K. Sekiguchi. 2001. Overview 
and Application of Suspension Array Technology. Clinics in Laboratory Medicine 21:713-729 

14. Mariella, R. Jr., 2002. MEMS for Bioassays. Biomedical Microdevices 
4:77-87. 

15. Martin, D. A., D. A. Muth, T. Brown, A. J. Johnson, N. Karabatsos and J. T. 
Roehrig. 2000. Standardization of Immunoglobulin M Capture Enzyme-Linked 
Immunosorbent Assays for routine Diagnosis of Arboviral Infections. J. Clin. lVficrobiol. 
38:1823-1826. 

16. Pickering, J. W., T. B. Martins, R. W. Greer, M. C. Schroeder, M. E. Astill, C. 
M. Litwin, S. W. Hildreth, and H. R. Hill. 2002. A Multiplexed Fluorescent Microsphere 
Immunoassay for Antibodies to Pneumococcal Capsular Polysaccharides. Am. J. Clin Pahtol. 
117:589-596. 

17. Schmitt, J. and W. Papisch. 2002. Recombinant autoantigens. Autoimmunity 
Reviews 1:79-88. 

18. Wong, S.J., R. H. Boyle, V. L. Demarest, A. N. Woodmansee, L.D. Kramer, H. Li, 
M. Drebot, R.A . Koski, E. fikrig, D. A. Martin, P.-Y. Shi. 2003. Immunoassay targeting 
Nonstructural Protein 5 to Differentiate West Nile Virus Infection from Dengue and St. Louis 
Encephalitis Virus Infections and from Flavivivirus Vaccination. 41:4217-4223. 

19. Shi, P.-Y., M. Tilgner, M.K. Lo, K.A. Kent, and K.A. Bernard. 2002. Infectious 
cDNA Clone of the Epidemic West Nile Virus from New York City. J. Virology, 76: 5847- 
5856. 



153 



00I55269.DOC 



